Environmental pollution is today a very important issue and the development of low cost materials and different sources need to be investigated. Our research group for several years she has been the development of adsorbent materials for industrial wastewater treatment and rivers. In this research compares the porosity developed by two different treatments using bovine bones to adsorb metal ions. Using bovine bones as raw material, two carbonized samples were obtained under different conditions. One of the carbonized samples was obtained in an oxidizing atmosphere at up to 600℃ for 2 hours. The other was obtained in an inert atmosphere at up to 800℃, during 2 hours. Different textural characteristics were obtained in each of the carbonized samples according to the conditions of synthesis. The carbonized sample obtained in the oxidizing atmosphere, CHUOX, produces a great pore distribution, with a significant mesopore volume, reflected in the hysteresis loop, while in carbonized bone obtained in an inert atmosphere, CHUN, a formation of micropores and mesopores smaller than that obtained in the other carbonized sample is observed. 
Introduction
Recently, the attention has also been paid to the application of sorbents from agricultural and forestry sources, since the cost of these materials is much lower than the cost of commercial adsorbents, such as activated carbon or ion-exchange resins [1] .
Extensive research has been carried out during the last ten years to find low-cost, high capacity adsorbents for the removal of metal ions. A wide range of adsorbents have been developed and tested, including several activated carbons [2] . A number of low-cost agricultural wastes; mud tire rubber and fly ash have been used for the removal of a range of metal ions. Other minerals and materials with potential for exchange sorption with copper and nickel been tested; among those are sodium calcium bentonite and bone char [3] . Sorbents that might gain some interest in the future are materials of plant or animal origin, as animal bones. The animal bones are composed in 65%-70% of inorganic substances, mainly hydroxyapatite. The chemical composition of hydroxyapatite is Ca 10 (PO 4 ) 6 (OH) 2 . The remaining part of bones is composed of organic matter, mainly fibrous protein collagen [4] .
Copper and nickel are among the most toxic metals affecting the enviromnent. Many studies have shown that these metals are toxic even at very low concentrations. However, these metals have many applications in the industrial life. For example, copper is known as an excellent conductor of electricity and is widely used in the electro-industry in all gauges of wires fat circuitry. It is also utilized in analytical reagents, in paints for ships' bottoms and in electroplating but it acts as an irritant to the skin causing itching and dermatitis, and may cause kertinization of the hands and soles of the feet [5] .
Having in mind the adverse effects of heavy metals, environmental agencies set permissible limits for their levels in drinking water and other types of waters. For example, according to the World Health Organization guidelines for drinking water, the permissible levels of Cu 2+ and Ni 2+ are 1.0 and 5 mg  L -1 , respectively [6] . There is a search for low cost adsorbent materials with the capacity to adsorb heavy metals from water, given their continuing toxicity, and knowledge of the adsorption process means that this could be carried out in a more efficient way and that the conditions could be controlled in order to adsorb a larger quantity of the metallic ions.
For this the characterization of the solid's properties and the form in which it interacts with the ions that it tries to withdraw from the water is carried out [7] .
The immersion calorimetry is used to determine, depending on the thermodynamic conditions of the system, the heat that is produced when the solid and a liquid make contact and therefore the immersion enthalpy of the contact process which is established for a specific quantity of the solid studied [8] .
The intensity of the interaction between the solution and the activated carbon can be determined by means of the immersion enthalpy of the solid in solutions that contain active substances that react with the surface and that allow the physicochemical properties of the activated carbon to be related to the adsorption capacity of the compounds in solution [9] .
In this work adsorbent material samples are prepared from bovine bones in inert and oxidizing atmospheres which are characterized by means of gas adsorption and are used in the Cu 2+ and Ni 2+ adsorption from aqueous solution, whose behavior is described by means of the adsorption isotherms; the immersion enthalpies of concentrations of the metallic ion are also determined and are compared to the maximum quantities adsorbed, determined by the Langmuir model, with the immersion enthalpies.
Materials and Methods

Preparation of the Activated Carbon
The reactor is a 45 mm (i.d.) stainless steel cylindrical pipe surrounded by a ceramic insulation layer. Energy required for the process is provided by a 5 kW heating coil which is embedded in the ceramic insulation. A quartz mesh basket is connected to a mass balance via a ceramic rod and suspended in the hot zone of the reactor. Both the inlet and exit pipes to the reactor are heated to prevent condensation of the gases generated. Temperature is controlled via a thermocouple linked to a PID temperature controller.
Cow bone was charged into the quartz basket. During pyrolysis, nitrogen gas was introduced by the bottom of the reactor to provide an inert atmosphere. Samples were pyrolysed at a heating rate of 10℃/min until the predetermined temperature (600℃) was reached and held at that constant temperature for a specific hold time. Exit gases leaving the reactor were cooled to room temperature using ice as the cooling medium. Wastes were trapped to remove tars and other matter produced in this process. This char activated of cow bone is produced with a rudimentary pore structure in the quartz basket. One portion of the resultant chars of activated cow bone obtained this way is subjected to partial oxidation with a mixture of oxygen/nitrogen (30/80). Gas mixture enters reactor by bubbling through a set of bottles that kept of constant temperature of 800℃ during 5 hours with a heating rate of 3 ℃  min -1 and an N 2 flow of 80 cm
Gases exiting reactor during this stage followed the same route as in the pyrolysis process. Bone cow activated carbon left behind in the reactor was cooled with nitrogen gas current to room temperature before being removed. This sample was labeled CHUN.
The material prepared in air atmosphere, (was labeled CHUOX), was treated thermally in a cubic oven to a temperature of 600℃ for 2 hours.
Textural Characterization of Bovine Bone Carbonized
The characterization of bovine bones chars samples was carried out using N 2 adsorption at 77 K using Quantachrome Autosorb 3B (Boynton Beach, FL, USA) surface area analyzer to assess the pore morphology of the produced chars. Samples were previously outgassed at 250 ℃ for several hours. The BET surface area, micropore and total pore volume, and pore size distribution were obtained by analyzing N 2 adsorption. The specific surface areas were determined according to the BET method at the relative pressure in the range of 0.05-0.30. Pore volume was directly calculated from the volume of nitrogen held at the highest relative pressure (p/p 0 = 0.99).
Adsorption Equilibrium Isotherm
Batch sorption experiments were conducted using 100 mL aliquots of pH adjusted test solutions containing 100 mg  L -1 of each one of the ions Ni 2+ and Cu 2+ in monocomponent systems and placed in 250 mL amber closed bottles. A known quantity (0.01 -0.15 g) of carbonized solid, CHUN or CHUOX, was added to each bottle. Solutions were stirred at 200 rpm for 2 hours at (25 ± 1)℃. The bone carbonized was removed by filtration and the Ni 2+ and Cu 2+ concentrations were measured by atomic absorption spectroscopy, in a Perkin Elmer AAnalyst equipment, at the end of each time period. Blank solutions were also prepared and analyzed. The pH values of each metal ion solution were adjusted using either 0.01 M NaOH or 0.01 M HNO 3 solutions and the volumes used were recorded to calculate the final solution volume.
Immersion Enthalpy
Immersion enthalpies of bovine bone carbonized, CHUN and CHUOX, were determined in Ni 2+ and Cu 2+ solutions at a concentration of 100 mg  L −1 for the maximum adsorption pH of 5. This determination was performed in a heat conduction microcalorimeter equipped with a stainless steel calorimetric cell [9, 10] . Thirty mL of the solution to be used were pre-heated at 25℃, and then placed in the cell. A sample of approximately 0.500 g of solid was weighed and placed inside the calorimetric cell in a glass ampoule. The microcalorimeter was then assembled. When the equipment reached the temperature of 25℃, potential readings were registered after a period of approximately 15 minutes, with readings every 20 seconds, the glass ampoule was broken and the generated thermal effect recorded. Electric potential readings were continuing for approximately 15 minutes more and at the end of the experiment, the equipment was electrically calibrated [10] . The bovine bones char prepared by physical activation with nitrogen and in air gives a type IV isotherm, but in this case a plateau is not clearly reached, indicating widening of pores; this isotherm exhibits an H 4 type hysteresis loop, characteristic of slit-shaped pores. Table 1 presents the results of characterizations of the two carbonized samples, calculated from the adsorption isotherms.
Results and Discussion
The results indicate that the thermal treatment that is realized on the bovine bone produces solid with a larger superficial area of 170 m 2  g -1 when using a nitrogen atmosphere than when the atmosphere is air, and this is also reflected in the pore volume values. As for the values obtained for the average pore diameter, the same value of 6.6 nm is obtained for the two carbonized samples.
Once the bones had been carbonized in the conditions mentioned, their structure was observed by scanning electronic microscopy in a JEOL model JSM 6490-LV equipment. Figure 2 corresponds to the photograph taken of the carbonized CHUOX, and it is observed that this presents irregularities in the surface, with interconnected pores, and the presence of wide porosity and heterogeneity is shown. The big orifices that appear in y and 602 cm -1 , and O-H bands of tension at 3424 cm -1 . These bands are typical of the composition of the raw material, which is constituted principally of hydroxyapatite, which has a chemical composition is Ca 10 (PO 4 ) 6 (OH) 2 and is the main inorganic constituent of bone tissues in all ver- tebrates [4] . Once the carbonized samples are characterized texturally they are used in the Cu 2+ and Ni 2+ ions adsorption from aqueous solution, with the pH adjusted to a value of 5 as suggested by Porter et al. [11] , since this is the pH at which maximum adsorption occurs when the adsorbents come from animal bones.
The adsorption isotherms are determined for both ions in each of the carbonized samples which appear in Figures at approximately 20 mg  g -1 , which relates to a major interaction of the copper ion with the solid. When the values of the ionic radiuses of both ions are compared they are found to be 0.69 and 0.78 Å for the Cu 2+ and Ni 2+ respectively, and as the ion copper is smaller it will have greater contact with the carbonized sample. Figure 4b presents the adsorption isotherms of both ions from aqueous solution in the carbonized CHUN. The behavior is similar to the previous one, with greater adsorption for the Cu 2+ than for the Ni 2+ ; nevertheless the adsorbed quantities are minor for this carbonized sample in comparison to the carbonized CHUOX, presenting a smaller value of surface area, which indicates the relation between the adsorption of the ions and the surface developed in the solid. We believe that according to the composition of the bones and previous work by our research group, the adsorption of ions carried by both ion exchange and adsorption. Cu 2+ in the carbonized CHUN are similar provided that the quantities adsorbed in the monolayer have similar values. Table 2 shows the results obtained for the adsorption of both ions in the carbonized samples, fitting the data to the Langmuir model.
The capacity adsorption of activated carbons from bovine bone is really good and in many cases exceeds the adsorption capacity of these same ions obtained with other materials such as cloth activated carbon cloth and granular activated carbon obtained from lignocellulosic residues [12] .
Further, the intensity of the interaction between the aqueous solution and the solid adsorbent can be determined by means of the immersion enthalpy of the solid in solutions that contain substances that interact with the surface and that allow the physicochemical properties of carbonized samples to be related to the adsorption capacity of the compounds that are in solution [13] . The values for the immersion enthalpies are proportional to the area under the curve of the peaks that are produced when a quantity of heat is generated due to the interaction between the solid and the solution. In this case it is observed that the first peak that corresponds to the immersion of the carbonized CHUOX in the solution of the ion copper is greater than that of the other peak, which indicates that the interaction is greater between solid and liquid and coincides with the greater adsorption obtained for the Cu 2+ with carbonized sample as mentioned above. Figure 7 shows the relation between the immersion enthalpy, ΔHim, of carbonized sample in the solution as a function of the maximum quantity adsorbed in the monolayer, X m .
A linear trend is observed between both variables which indicate that the immersion enthalpy of carbonized sample in the ion solutions represents the energy that is released by the interaction between the solid and the liquid and constitutes a characterization parameter of the studied process. The immersion enthalpies of carbonized samples in solutions of 100 mg  L -1 of both ions are determined and values between -43.16 and -60.78 J  g -1 are found, indicating that the adsorption process is exothermic in both cases. The values of the immersion enthalpies are directly proportional to the values of the surface areas of the carbonized samples.
Conclusions
